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Phase A = Darivation of Basic fquetions

e . — c—p—s

This phase of the study, which const!fute; the derivaiicn of | the basic equilib-
rium and stress equations in spherical and toroidal coordinote:, is 95% completed.
The only portion which is not inclidad in this report (Apper- '« A) consists of
defining certain coefficients in the ecy..idrium and stress cquation: which become
singular on the oxis of symmetry in the non~axisymmetric case. The singular point
car be avoided in the numerical evaluation of the problem. However, if the number
of grid nodes Is limited oy machine storage such that omiision of the axis of symmetry
would result Tn appreci~i:ia arrnr In the remat ing nades, it is important to include
thi point. An cac yHeel method has been developed for tramting *-e s'ngularity and
It is anticipated thut 5!} of the necessc:y coefficients for the numerical i evaluation v
be >btained within one wewi
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equations using the finite cifference cnalogs. Since these coefficiants will be
generated with the aid of the 1BM 7090, the work wil! raquire close coordination
between the Project Scientist and Programmer and wili be carried cut as a joint effort,

Phase G ~ Report Preparation

This second monthly progress report cons titutes 5% of the total report
writing phase, which brings the total effort expended in this phase to 8%. In
the next report (First Quarterly Progress Report), all of the work to date will be

summarized in a complets, comprehensive report.



APPENDIX A (Continued)

Derivation of Equilibrium and Stress Equations
in Terms of Displacements in Spherical and Toroidal

Coordinates

Construction of Finite Difference Analogs to

Differential Equations
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The work contained herein is & <antinuctia of Az ~adix A presented in the
Flest Mon.hly Prograss Report, NASA Contract NAS 9-1986. Page numbers, figure
numbers, table numbers and equction numbers are continued in consecutive order
and reference is made to equations in the first progress report without repetition of
the equations in this report. It should be noted that Fig. 1 refers to the two coordinate
systems on the first page of Appendix A and Tables | end 2 refer to the coefficlonﬁ
of the equilibrium equations in spherical and toroidal coordinctes, respectively,

which were not labeled in the first report.




{4&.1_77 ;”_...L '[3 r Sireises  ur '~¢__:Z#~1Lt MAQL,BZLMQWV L A
- From Hockes Jars L (7) anet (19) 4
T‘J = Zpeg + 5, {)'G‘* — (5/\+L/,;)//.<(ﬂ a’T‘} (17)
y j 1
where &J /s The frovecker Ade/7a et rred bf/
g{,' -/, { "f
-0 , (#/
and
=t + Ca, + €33
h//“/.ﬁ—ﬂ‘ 4776 5‘7/’4:,”} /;/ erms of c//.r/.#/umﬂer/?f- ‘#dm 2;/?‘7?;’ .
6’7:. G4) or (15) An*t $/70r7:r77 e omenclilire {77 ﬂ/fs//'n/‘h/ |
The STresses &
U ' | T = Trr ©F Tek
N, = Ter
Ty = Toe
’Z‘:‘_ 5 Tre or Tre
T = Tw
T = Tre °r Txo
Ej.(/'?), Mmay be  wrtlen 1o Terris of o’/l;u/tremenf? accofo’/r\i/
% T | |
T _ _ _ - o
1"@(1‘1/; ffq'v:f'f"/l% 1'5.11/':“;
: LT ow e Wt U e
Where Al = | /.fn //9/>2'73

e

J =45, 6

i




-

- N
gt A

vf_z“(i??u JAN 27 /s e_”ﬁ‘\ /,.;' Q-"‘
(Pl‘]Zf/z)' of 17 Cdé",/’//(‘/;’ﬂﬁ" 4

_
and Slress e A Ly i ég,,;,/
for The

Symmlfr/ (9? =0) -

Grit  of JymrMT/ fras
gard Thr /Oamf‘ be
Fowever 5

canr avorded .

The
7re S/ri/o“u/ar
of L Hopitale
/) d/f/:a/dCE/?}eﬂf
po ol [R*

cece s
/;77/00/#177" arnd
69 77’e uLre
Coet(f/.t/;nf' /75 /F
:/bﬁem;;a/ Coara’/r.mﬁ.r /8
as @
Hhe a//:y/dcemmf

axal \Symrmf;j are r1
‘ o

Ww(R, ) = 3 =0

From /P Can be SAoWn ﬂuf
Ju SV at
S— F— 4
P b %
.S’/-nce 3‘9——%*
L Hepirals

L TP Ju
R+ ?7

7'5/»’/7
ot @ Ju
R* oY

rule .

Zero .

by rokches

Com/aoﬂenf a-"-’?‘

whith
—V’-

Herce
l;vf/;a}/j ,

yula /s

7hL

== /Z/m
7’#0

= L Lom
Ayz-

SRS

cf-a—o .
2
el

>
- )“
= ,,/ée‘_;

Henca, for Thi caSe
CJE‘J&‘/'U;A/ B/ W/?/cé

u.
P

™m u/f///ﬂ’J‘

4/3/(7/:7 This //)?/.7ﬁ7}’" /’/acdr y 2Ny

N R .
PR ot ok . S~ ,(/ B 404 LA

S

e
-,7 “ /G r°
20N - A1 4 i// - »"jmme'7r/c.
Yo r/oecm/ ,ph/s/ ca/
Jor TFe

axny ot J‘jmmeﬁ‘/
Coeflcients ey be Quklualed

for €x1m/¢— >

Whieh
From /-"7 (e,

ﬁpco

a/alorom/mr Fero while
4/7- freable

Liomi

q)avO

29
‘ﬂ'e COe#/(_,u,f‘ ;‘/ écdomu Zero and  The

399"

€ gt libriwn,
o
77 e

n’/:r/u/«‘ cemens”
27 SHhe  dxsa
lase
.S’jm//umce
d,x/d{// - 59:94:»(7'“

/s jen(/‘z{&v 7a/ﬁ'

The
€7u4fvn; ’r
/'77/4n//2
7erm Mu/fz/o//t:.f

A

474///27"/&;0'
Aec omes
This

77 ¢ Condls?rm 5

(19)

(20)

ﬁ{ 4///0451&[ '
e rhe /Draa’acf

fhere 15 ObTRined

Ju

37 7
N in.

G @
;)u; Coc @ == EM(

2
Nl

1S trereasesd /zy /"/,e
The .C‘//ya/ar Terns

Gé’fdr;u,/ e

 Fhe



e - e A b At o i 4 S e

TR o fe A

Colifrcien?s ot £ 4 x/}/é/,ur) Lywes T a0t ARk
of Cy»‘ﬂmefj /;29 o) for Ax /a// -Qﬁmme//z ¢ lase
3 %amra/ /‘00.’0///447:

3
|

6,.: 2 ()» *2#) /A’ ©

7Tk L

1
!

i

0}00
Cio

/ 29 evz] /a8 ¥l s o] 20 #
e ® o | ¢ A o ® ook o lolo
™ o | 0 5 o %ok o |o]°

o @ o | §5A o Plo' ol © ©le.
o g LyOwd/e® 0 | o 5l o (o 0o

o 9 AR .o

(®]
9

i Xe O T e

!

o [~
Qﬂ

Q
=O;0£ﬁ

:

O

i
§
!
H
1
H
{
i

clo o EOﬁo'OiO‘o oto-,
l:*\\‘Sli@ Q‘nj,{hy
O

y

=

+

‘;“\ oo
cloio . c'c
clo'o ol0ic

r.,.
X
i
0{0.0

OOZ
Q10

0

' ®
T b : : o
clo,c,0 O:O;OﬂO:O

S

=2 2p) /R*] |

L
1
i
i

Table 5~ . ;.
CoetficionTs of Stlres: E?dqf:on.! on Axrs of
fymmeﬁf (P =) for Axially- Symmelric Cas<
S,b/verrca/ Cordiirales

T

/ 2 3 ' &

©

A+ 2 © A © A @ o o

Q

o © o o @ Ml &

\]

o & o “ o ©| o @

N‘
b
N
NS
¥
& |
N
NI
>
| 3
¢ U
Qi
o
0{C{0:Cl0]Ci0|0|C|y
1ol o8l glelcel®

o olRi{O|{0|0|O|Q|O}0|OID

o
ody o o & o X A G o)

Bl 2 O 20w |2 0 @ o

Y2 o & o @] o Tl o & 2B

iy’ 2 o & O &) —HMe @ ¢ |
<, o & o © © @ n & o @?
3, o ©® o ©| o 9 o ©07xg 2|

-

O
~ Q”’“ o ) O } O @E —-/ﬂ‘/e @:

|
|

S

e e e e [P WU ISP, SRR SR At

— P



- s . g oy - X

Terpeiaiirs LF e of Elailie Comidink

- /L, e pdd s o TIe coeiFcien?”
,

of Th ey i V4 4,\'/:#/}.,1'/0'/7 ,
7%e r?./d,('ﬁc' CorrsTan’s Are

Sﬁwy.// a/ej,aam/cwf o ﬁn»/p/aﬂua 3
Ther ﬁ’d’a’/‘f/;r;l/ fe'/MJ‘ udl be /r')c/u.v/(;d.

. ef'u'.//‘ér/d'm qudth To  Acccun] 75;' e
oF  7hHese Corcamls .

»m The d/.r/Auenﬂmf'
Spa coas dff/ntfrri
Dy W’crer/fm?}’f/' The Shess Ca»//lay;enf'

- ’?:_ Wik /‘p.r/e'c./' 77 coordinile ¥ , 74.» éx:mf//(,, Frov é;— %/,
There /8 057&/'/)0/

)T - A 99 9‘}’\ +2/4%-ﬂ;i v 260 A

4 3, e, -
| or J
. ~ (2 UT) 2 @ 5% (D) « (r)dT
, %
! ‘ . .9. .‘2?—- _0‘_.7: t+ 2¢,; _Dé_‘. 2_.7.: 2 A 2T IT
=TT W 57 (M50 (T)dT
_ \ 7
- h} %‘_f + Zpe f;f;‘_ _ (3r+2p)(T) ;9_2_‘ J (‘:’)

Where ThHe FLiret  Three Terms f Yo /‘{j/n" of The ¢7u4/

C Sign pave ot beer 2ecounld  for e C’oe%ﬁtmﬂﬂ

of £-'7. (%) . ,@/r!:tnﬁy 7he da’d;ifc;ra/ Terims
7«:»7#%:; , 57 (16)  Becomes ‘

R

(Ag+Ar) ap + (e B 5o

by pemed 1

.. / 7 : ;
Trhe coedbitisntt ,44 , 15,{ , e are 7z Hu laleef  below ﬁr‘ J)’ﬁlﬂta/ i
andd 70r01‘¢'/4/ Caorp’/;/zfic , 4 Y4 -ér e

/

r/bec/d fwnf "
axss of 5/’"’”‘7] ﬁr‘ ‘734 g

[

A flbﬁ?f/}d/ Coara///.mw on ThHe
N Case OF A xraf rymvﬂeﬁj .



o i i AN ,
e e e i o
e bro
IS / o ¢ = /8
L | = ¥ Soies i “ R
- e e .
— - -
- v € i G
i o

g o - .@
<o et O
.

o g T
T2 4T "’k ey wie
r 3T P . B .

. . - oo ]
o9 gL ©! o)

o - __é&_,a;
@‘ arrsnd 3T ’57@_‘_ e io
. ; )T‘ v (P-_”é 4-'M¢)"3T(A 4“)30 rz“:;%
'z_’.. -; A+2,u)§+r aeroicd 77 (v ot 2Tt

B By 'i : SR e 2 37" -5—9-'_
By O Rl e

.-—.
r (LA
-~ -a—.———a—--——‘-‘——-""’"‘

i A | _915._‘ T

L)
b SN

;.ﬂ_gr@ sl )_)__g_v:__‘:_;é...f% raed)” T ) 56

'
i

A
o()(‘,l“'\‘l;lo
S
:': ' t'.7l~“-
' g
X
Y
%
LS
i
N
§
W
-(\

!

FO 00

fw
i
Wl
Eiat

i
i
i
i
|




-

- . S
Vo ke

A iy e o B
ARXT T K St e d

L ——p——
-rf“-; paes 7o

,/

R

Nfr‘\f:z “

£z
~7

e g

S

y
At

- o ot
e e
T el A v

:J(/‘ :’/,k 2/;«

Ty r
LI A KO

K,

“

o~

,_)

. .
EE Lo PPN

o T 0 i3

R 'o‘\\\j

T2
|

O“ h ey T S - Nz - o )
o er o @ o
o & o & o
SN 4 AN <N D
@ 14
R ..._.O.M - . w,.,;@,‘ e B O , . @ . - N ._.gn__ -_...,...,.@.-
L ~ s Lo
or o PA T TN or

i

v
~

A=

anp—

DAY

!

g ©

). |
!
\‘v

PIVZRY
Q‘)i

i L)
Ay ks
z o

H
T
¢

Gy +3
i 2% 5% ¢ = 27"0 /“) & e :"‘J"(J*/‘)?T.:@
Ak 0;_-iﬁfwf’wewm o o el
64 - - ) - -2
&l o 2l o Q) o e}
D . O A o @ o @
— o | o o ,

! 2 e Nl

i

Y

Q)

: v‘;
Iy

N
i

¥

i

f

3

£

X

‘\

i
|
i

:‘E’

]

N

i
uf
N

|

S

[

XY ¥

Q

i

32
(&

A"
i o

¢l
N

10

;":‘35 e
ARSI

/?MCF or 3‘?

_&87"
T J&

b4
o o o
- [ I - © <
o) O & o)
AT o o o &
A © e 0
/ p sl <,
| U ﬁ/a:?}); ,9397: o 'Ell‘“%”)"" fp
[ EL S R ST T S




A X (;{ Jo) f ¢ %‘71’& W 6:22; s / /_1_’-_‘_4. ‘. ;';’f? N & /’;;; 4
The o on /j ori— Zero  Jerme g The  CocdliciemtT  OF
Table G on 7he AX/¢ of Symmofrj /r") e Ax /}f,//;, -
‘ v
SYymme lric cAace are 7he 7[0‘//0 yw:'y :

/ 2,0, 2T
& = ;{dri) 5z

/2 2N r
J= Y
7/ 2 JA 2T
A'= % 3

T%e /'nﬁjr&/ Term 1 gl (22) /s alto  Pwon- Zero Hor The
97u/7;br/u.m éfudﬁr;; Cd/‘/‘hf/owm//::y 7o f:’- / .

[}



TR S

D,

oo te D/'-.[/erpn( e Fformwlilion ~ .
7The a//-q‘//fr&wt'g dﬂa/dj-f 7; 77 e /)drf/;/ d/v//e/tnf’ht/

e;aaﬁm..r Are L‘m.fﬁucfu/ o A \7;”/ '/ 11 Teor k2 Ay .&’/4 S M

/;1 FZ;. z , fn’ w/:/éb , = e lonmi //r;eJ are prdersd /y

Tie Sué:cn/'a/' 1') oy T cosiant Jinec éj T e '.»é.j"/'//'Jf— J’

oly = Conglan Jrres éj’ 7he Sub.rcr%‘r’ £ , et fFe
frTirsecTen  of Jr/zl Vrnes (modes) -éj The  Triple

Subscrpt” £, [, K "

axss af

Sjm»-cT&y

/c‘(/; 2 Grig Nolaliow for
. Finte D[«Afenucﬁ f;rmw/afu;r




e et it A b0 T

e Ccrid Spacen w1l Ae  yrre whr
grid sy g

or e gn?rx/ lale
Fo 7 . ,
Y Crri ,7 (37& K. Tede y799/4

and. Fe Jrcrerwtnls
be Aesigr:nli 6/1/ - The
v .

s e

74,‘//-:- n//;lp
v

hu = () ier = () Py = (Xa) ey = (4o ) har= (""’)fu -{(4);

hi = (4)ian = (4
/‘213 4 ((:)( _,,-(J,)L._’ base (n(,,)" -(?‘)"-’
/’74 = ('(‘)t" (‘“X’—z hiy = ('13)1‘" (Ja)l:—x.

has= W)y =ba); Ao (blaw —(4);

VTRY
hiy = 54 - (A} e

hrg = ()i = (%) (s
Let £ (,d,4y) be ary FonTrs of 7he Coordina®s  Suth Fhat~

o0 and 75 /bdr‘Zq./ deriivalyes (U/" 70 é‘ry orakr rafu/‘re/ 15 The
¢h49u}) ’are (‘Mz'ﬂ.aou./) arid. ex’/aand 7he fungZ}y} aboer 7%e

Pew) Coo rah;ct-’ .S\’y:ﬁm W7 .a/ym'
orected @/&:’7 W, &, ds,

Lori oo

ﬂ)/'ﬂf . l'/ ‘/-) { . é&"/{)f a

at i, K and  wiH 5,5, 7

I‘P:/se.cnnjf) The -A/wcz—o’w -F(_r,);l)g';) r;
f[i/) fa ;3) ol '[;')J',i + B § + 8,5, +Bs % + Ay £,

b Beg,E v BGT + B ET T BET BB

S (23)

2 LR
+ Bty + i §, g2 4 BB S

rs
:+“‘Bf‘f~'~£t»§3 A

ﬂe //;;f’ Grd Secoria. deru’/t.zhwc,r 0% ./{"'l'(h’(?) W;ﬁ'”'
respect T o 4y, Ky Are 0bTasnres frors A—';,(za) zcw,;,{:,/"',;

% 2 = n
V) %)
?_ﬁ) - %) =8 A s ) =28
)dl (,' . £ )f' (o.o o) ' : ".J;‘ ’ ‘)J’( ) : -
-~ d, P ) . (29
e )f B 2f w B IF\ = 28;
~—-—-—-) ., * : ) L) y )v ‘v’m‘* ., { —J;“‘i) .. f
2% L of, (0,99 AL 2 ‘d"'~ =
& 2
3 >4 2¥ ) . of
! " = ’ - - “ﬁ - 2 ..
)il = 3w T 25 Jijk b 55 )41.4 &



o e W

©

@
j Can.f//er/v[ Yo values o F(E, 5, &) el The Taelve
NocleS ﬁd(l’/acenf 7(5 /:J’, f;{c l.‘dlff,;?ﬂ;; 8" are
evalualed o Termds of The "/unoﬁ?‘n, ol TFe® motes A
e jr/.;/ 90;:13:7/; £s  Lhown » FZf 3
o .
&g' (<) Yodt | Laard’r na7e
2 " ¢ (éf.t
” /- (ul,'/,l
kz} b f.( ’) 2 [4434,:‘)
‘ | ! 12 3 ! (l.-'l,j,ﬂ)
. g v 'l (c'-:,j,ﬁ)
| . : "h:; ”“ b < (l,Jtl 4)
o Ot ¢ (i f+2,0)
o J
. hyt s 7 (i)
T e " 3 é & (‘,J-i £
. £ W 9 (6, 1, ke
. . “ N"j“ F3 3) 10 “"Jj’ ‘+:.)
RSN P Y B
R ¥ hiz 2 | {t.,n,i -‘)
V S Terveds |

59'.3 (oord a‘ 2785 of [g@uﬁg Mesh

do ?Wf, /n j‘ﬂGm/’:“"* i

/Vaf' et Yhe gnol .yuc/,:/ sncrements ﬁ:’-
/’ave= The dnnem/m: of /wyﬂ» but Pave The dzmmum o

Af /:w,,tr' ) and 3, [7 (23) decomes

Y g
' | 4“‘)51 'F(/?u,O,a) ‘JJ’ Lt B, hy T f7 /)n } ‘_‘ (2;}
RIS R PR cf b, 00) = Fif ik - Bl + Er his | S
o f wAe:e— Serms of Af/ur oraes are  defele L .,‘ ‘ &p/wff g 76” .
o | B and 8y From [7: (25) y/ ves for The farst M." (' umd.
,'. yrpeguder Cenitral  derivaTive with  recpec” 7 o | ,/ifi
h: /713 f&l. ! + (h“ "h” ){l £ = /)u 'fu—l % wf
12 ., = 1 Jh 4! ) L
y . %' )"J't hu b3 (hu * /7;3)
S (26)
v &—— 2"/7:3 VYN, et (hll + hn) 'th 2 ¥ hu 'F‘-I.J 4 ] ‘ : “ ;
3.1, /1,, hes (/7,, + /n:) : ’ _j . :




— " o ot o e mrn ommnc < a4 O AT SAAN L e b b -

.. ] _ - ,
i Saé&"ﬁf&jf;y /,, - /?/3 = Ay LTS f:’.(li_»". (el j-'yr,f rﬁr ,""/e
/

- SLirst”  awrd Secord Y\f’f wle copla, cleriaiver i

respect 77«

fﬁ) . et~ Fept B
24, g,}',,e 2h, E (27)

Xt fornjia = 2.4+ fo 8

&"‘lf)i, J & | A~

E a J‘/rm/or /Orace/drc.. e fo//ow/j ﬁ.rf prra d’c,""“ ‘v i
rlju/tr ank /r'l"LJultr CoenTral Xérs Vdr(f | Are 0/ /n!/
‘”MM rea;mf % Me Coo rolinalesr oy  ard £ '

Fir o fenﬁ%/ Z)elmzﬂTrU (/‘ -/:u , /73,"/‘1,‘:‘113)'

';a.ﬁ) e Fijenh = Fifout e
e -»‘.,::.  2he ERRE I g

'J‘i 2h3 _ P S ‘ -

‘]v : - . ‘J [

\ ; - "-‘ “ a.[ - 633 A,J*‘ ( + (/)ll -A)J ).“#’k A’J #LL’-/)—_ r _‘ < (Jo) -"..‘ A‘:
. 2:(,_3 by has (hu*» hu) | g
' . lJ\

. | - .p : .
‘ :  %) b .ﬁ-‘j’*“ + (/‘)Jl "hﬂ)‘ft_d,i - A}; ‘A.J,f—l ‘ (31) B
) 3 ‘U' hsi b3z (h}/ */r;',;) ; o

M T ves (A —/q‘, IAz’, /) & /’31 'A’s)

”‘ fjuk = 2” J* s fopnk ()
I ; "J':‘ - | N spo D
< . a’?) o fpn — 2-‘«',;,4 + +i, ), A=
o j é A,L

L K



o e oo - e+ —— Al o <O o

@

&‘.Q .4 / r"r:(_)u o L:Aa' - T‘- _Z-.-. Qf.?::‘,‘;:/: *-' i
: 3 ; - 3 L "") .
Z}) _ abhofipn g = (b ek dig 4 v Patign £ (4
20 ik hag hay (b + bas) ,
E | N - Dt iy . -  :’;
i1 -2 [ Ao fojoter = (Pt hid iy ¢ + hafijder] Gs)
3-15 "U',é /{’” A’} (});' "'A;;} | S

5'“,¢¢ and BeKyard L?w'mﬁ'ju
; 4190/ )9 e Sarie /Dfoaa’ur?.- ad Above 1«1# r‘fr/ecf

‘hvn’e: focalsd  €/ther SJorwaerd 0r bockward  from

ﬂo' om/m /lu, '—/'Z_el -r//;ff an k- Secor da /’(fubr‘
of THe

Ak /[‘I"/a/lr a/t’//ﬂtf res  Are 0‘7;!/”‘!7/ sn Terms
quuncﬂw; f(d,) d, ,a(;) evelualed ar These Yboder . THRE o
L Pecusts - ave  Summandes e Yor e Three coordimtte .

a//nfw | ! : o SRR S '*
£l r:f /rzmu/n.r Forward DerivaTvas S
— (b= ¥ Lkt Az. Foorj b = A,,,f;'vz,‘,‘,ﬂ ()
2&4 0.) 4, . A(, /71;. (A;;’A”) . | : : .K
_)f_) _ = (/ha.' /Isrz) ‘{""/"‘ + Dz ’lcc',jﬁ,{ - Az, f“,’,;f;’£ . (37)
Lo 4.','“ AZI /)zs (é;g"/h,) ; i ‘ o ,
| . z ™. | ! |
Ef_) - - (A:u.— /1,,) f,,'u‘,é + bz ‘A’u’,ﬂr/ - A ‘FI,JJ"— (3‘,} Co
My “'l].’i by bz (/)u - $31) o -

f_:_rs_t___@___ﬁmm Dersvalyes

For efua,/ yrrc/ f/aunj.r i Pack of 7%e Thres
d/fec‘fm: g - d‘frnt,’ 4(’41)/’//}/ 7o : | ; ;

/71/ - /)'z/z = /

/))./ = hisfy > /72-—

/vg,v F 2 /)3% = /l,a 3 .

 coor /";’d»



e e et e T
sy g

e
Lard

Lys. (24) = (36)  [educe 7
| a'[ -3 16" L. F Tk T :’[,c'-rz' L e ¢
. - JJ, )"J’ Zh'

- 3-’[,1";( + 41[4',.!'411 - {;}J}z,i‘ @) o
o Zi ‘ R

i
N

M -3 'A', LAk + ‘s‘-'f[, IR ‘fc','[, A+ o (y.z) |
= J SRR
M3) ’U' | : ) Zh) - ‘ 3 :4’ ,,"

o Jecond /r wfer avd 4r‘”~‘ ‘ o ?«}

o P:f) | = 2 [ An.‘frl hi ‘f'(/’ "/1“)‘!:“,4.4'}1" fuz,h!._] | («3)'
s/ Au hn.(o‘)u-/m) . o “ N

/na.f {rh £ + (hu “"Ia.l)‘k.“‘ + /hl u;rli} (W} :
[ h"-l hti |C/'uz'/7u) E

2 Aa;‘fc Lo T (/’31’/75/)"(‘44.; % + ‘m‘[ ,J,:{n] (‘#_}

wir éyt«/ ?nf( spatmys au‘oula& % 57 (39), Eyf (l?)" 5%

e (48) reduce /) ,

| ijj -2+ fink * fiorjih | (”‘(')

B = 2 i

‘” aJ{v ‘:,J:)ﬁ AI - -

. . ‘: . '\ti,jﬂ. , £ B ) : (“7;) :

. ;::F - Z*Fiu'fc,f + ,F‘-’)‘

92 "Z'F‘[,j.é-rl + .F;.j:,i +£"1J'pé'z'
ENT i




e bl A A B ALt b e

Eirs fJ/fp\,Qu/or Lacirward (o valver

2
o ";/) fe

2F,

3&& ‘d,i

%),

- Eu:.:‘/’. ﬁgg&r

N

k4

/,’5 f(-l,l’i '*- (h"“l"”)fl;‘“l ""/HV rr’/J #£

AIJ A;,(. ,(Au/ - /7/;)

2 ) P . A S
bas $ijea, ® + ((Pus=buz) Yijh =hasFiif-1, £

/;15/7:4& (Az# -'1413_)

" Z vy o, 2 _ -.
/‘” 'f:',j,[-z + (AJ# —/133 )7‘1‘4,‘ - ‘a% 7‘;:./. hey

bis hax (hgu=h1s)

7‘; tJ,é

/

\

Y

Y

‘Ji

Backnuvd Derive? v.t.r ( by ® A’ = A, &7‘?..)
v ‘f(-z._[, é |
-

+ 3 f-,},é - ‘/'(.;,J,

‘ 'F 4', j—.z'

2 Ay

£ + 31‘3;,./-,{ - bt [,k

o——t
—

2ha

.p‘."j’ A-2 +' 3£"yj,‘ - 4‘A',j'£-/

2hy

v BackwardDepvedives

£

IJ)‘ + (6})‘ ’h.!‘}'fﬂh‘ /9,4‘!:-1)),

2[/,,,4.-

A’-’ Alqﬂ (AH/ AI’) ]

- [Azs'ft,l-z,( + (/721‘ Az&)‘)‘:d,i ;"l‘ﬁ

ﬁvJ“" iJ -
hiz by (/mv 6;;) ) )

(k-2 t ("34'4*33) ﬁ;j,ﬁ /’3u£d,i.,

a:l[ bt

by hay (/'.w h33)

)

1)
| (5‘0)
K
(54
(ss) -

(s

CE



- Y

irefum. Values of e ')Qtnc'Tm at” any SIX Podes /n 1%0

' 4) 1 . :} ‘.;
| ¥ >J % = hasbas (A" */”3)(/’.‘:*/’8) [/7” ( "j"’i ‘-{""’J“)K’)

Segond, fe}gér Lacknar & Oerivaliues

L. ~, ‘/\' . -,
g:'f]\ - 7“‘2,‘ J’£ + T‘J‘ »é ._‘7 A"'/Lf') W (_ff/)
M) jtl;,é A
¥ . £ e, &+ f;:‘,t ~ 28/, joi b | sn
30{:)&.‘{,[ /h .
' 32& ’L‘.)J, Ao + ﬁ',j’g -,Zfi,‘,f;{e-f (40) ‘
) T ba” ‘ G
24 : S
CZ xed. :Zzga'g&772¢s

M can be Shown from E (23) J7at 777,,(94 a’enmhw-:

,VM.'I‘I’H"? ﬂ'f 7he /an Urder  Consideralism . F://' .3 .F,ﬁorvd“ '
Var:éu.r Cormkrrr T orsS of  ymixed aor ;/47’/(4’ wirtt }‘:-;;aef,f s

7% The Covrainale  Axes o ard A, . T W woket Lhapy e

mned  cenlral devivalivts  trvolve  Hhe dour Lorner wvodes as

- el as “ Two de’/hce’nf voded 15 eidher oF TFe e tm?r//;uﬁ.\’ '

dicections . The Variows CombiraTroms Shown sn Fig- 3
dre  Summa vized below Por The Coordsriati a/zrec?'ww a( tmc
ot

Secmn’. /4,}.9' /rr¢9u/ar~ Ceitraf Den/uaﬁuc' witt ,(%.r,uof’ 75 X, and oy, ok

(1)
(b b (o= Fnjo) = s (Fongon® = f‘—.,,j__,,i)].

L) '—i ; “: { 7("""./."" £ = "*’af‘“’,f)

NJJJ)J;L Al' Ali(/)l/"ﬁ,gj(ku‘*;)&)) L

(/)13 ‘/711 )( Jol t = ‘/ ‘J" i) /{,, (‘f—;un £ - ‘-I‘,/'l’ {).]



e el . bbbt - 1 -
i« [N
;
o
- Vv P B -~ .- L .
. . b . ; Tie g L o S
1, S . LTI PO S e i
s LT .. L8 b B s L

- ‘ ™ * - e
(25 [ KW G ¥ b i e (arpers  Qerivalieik
s

C

#
-
‘
T
o
K
\ ;
+
N i
‘
s ol
It
s
Ny
)
TN,
!
.
i
‘
'
-
.
e




© o 1 O+ W b @ o e s—— - Ay P WU e B

s o —~
2 5.“!
<

MMred /II'PGM/?L___E iyl /)e»zya/"';_ etk /‘?g,zpec,/ 7s d{v, and Ky

Y )
M, )ﬂ(g_. IJ,’(—

‘.-: ; y / #‘f’ '-" - ‘J" ; . ' [
huibas (/);,-—ﬁ,,,}( /)u*ﬁz%) L a3 T jor, X 7T ‘gt |
s w)

- {‘QZJJ'-H)ﬂ *‘¥£¢;'J',£) - Al ({RI'J'/”’ -.‘__v"”‘ul;ﬁ : (

- Fagjont * finy ﬁ):]

bu hiy (/’u -/u-»)//w + f'lz)
. ‘{l*i,J#z,i ""#L,J«H. “) /?n ‘ {wlutl * f‘ J,[ ‘ ‘(“"') s

- f“_"lj“"‘;i + 4“1,}"1) i)] '

d) _Dl_) ! [/na ({4 Jflt ‘fdu,

- B S N

»'SJaml szgg’ //‘mqubr Bdch’uaw"— b‘!m/tﬂ/t W. 1% /@J’pu)“ % &’Lgy__é__',(h :v'fl ,

\J !J )«F ) | -/ [/)z; ('F:-luﬁ A - 'p—:‘leg‘ﬂ
‘ 4 .

- ,‘_:u .

A NS :

+ ‘F“‘LJJ) - L“'J") /’:u ({"'J" ‘ '6-;\“
f"iJ-l)‘ 1' 'F‘..z J"J] » :.* v

S

N dds A// A:) {A,a -/-,N) {l’"*/”)
+'ﬂ -2, £ - ‘F“J" 1()" /'br (f” ). 4 ﬁj}"} (“)

- 4?;.,*,1-:,‘_. rhojad)) N

-,C) | ;?,Z ) —/ [A,, (‘»[m 5§ £ - ﬁw,d-wz:



- - - e e - :

- &

- .
&?Qnd f/‘va,‘/e/ / /"ri'fz;/,miér -";'-0/‘,«;0/ Z,;ny:z?" P /1,’/’#‘ /ﬁJ’rpc cL 75 u"TA ey m;}x.:
- g ) P ; 1 2 ' |
l ! .

: ‘ L - (/74& /!’v;- - 'F' > '

. . b arent Ry ) ",’ / X _x..’f' iy ’u “

‘ O, 04y, /'u his hag bhan (1122 = bac} L ( A % b :

‘ . »

R TPV S S ) = Aot (Firs et = fivs [
S e “:/:t)]

:,5 . , .

;'Q\.'

M Mreq’ /(guér &er/yarwu

- A// of’ Fhe aéayc. resulls  can  be /'e'o’umac }" v
: ,;deﬂmﬂn: with  respec o iTher o , "".' /022"'_-

L by by the  Subshilons
Ll e '1”‘, B T "—2‘_’"‘ - ‘éﬁﬁ‘ “ ,/', R
1 b2y
p o

/n wélch a// jr/d J/Duuys are ‘7‘44/ ( ‘e, té. "'é

,&;g,a_é, Muxed zﬁ»eu/ar Cential benydne, I/)//M /Pe.u,(d"f ﬁdvdik_ : }

v/'§ ©o _ - ‘/

/:..a (ﬁ'ﬂ, jﬂ,*- {t’ﬂ J"’ R Aﬁ N K] +£’"‘J"’ £, ’ ('7,)

ﬁ&yaé__&&.d._/fg&/ﬁr forward Deviialie Wit figpel” % q/, Ma
) C) -
P/ 'FB (‘Fuouuﬁ - ‘£+z ’J"' £ f -1, I3 +$"‘")J"’I l) (72);

Sepm—

U,

, ‘ HU
‘ '
O T

:.A"



N‘ J-l,_)“ J ,ﬂ;

@

-
""'",~> 5 = 37T ({-w,‘{;;')f "{«.'45/32,{ "'7[,:-/)J}/,;/: !}%"’:J"",’{_,} (7‘.')

9 har 4c _Q_J_/_‘!f— _lﬂ.tz,_.[?"uﬂ& E.X,.QL_K;.

2h* <£"’,J'*’,£ ""/g"-z,‘/;/,d - 'f‘"J'/J" +f-:../-/ K) ('7“-)

o= (for o4 "‘Fc'*hJ'-Z,ﬁ ~ - J-:, b +fenfaa) (7).

'fccmd /‘7/(04/ /ﬁa“/nr (brntr Oeﬂmr e L% f&’f/ﬂ—f o angos,

N i
e, &
i P S

ll-h" [g(fuuu ® - -/‘,,;u b - "C‘U"”‘ +-C.,J,ﬁ)

- (‘Fu-x,ﬁ»Zﬁ ﬂ“ﬁ t-— "J *2, 1( *ﬁg,ﬁ)]

T




e S SR

e bbb ot i it & 7 e

TAles 2 GO T 2 Ty N T2t E NN I PRV
"~
SMMERIAL JOKDINARTEDS
S : i | -
/ a i ' & s ! %
— - [T S B, - " -
1 “
.\ A . 3 )
A+ Zp & A | A & o & @ O (v |
- i | . - ; e eem ]
. o (9, e ! & (‘9
o (/5 O \!i O e /“"/ /E) \) i l O
_é} — _4...._,__...:.._?._. e emn - —

2 e & 2(,\4,.‘}/'(,@) 2(”\"’*)/)6@'] O O O &

s o -él:w.-____ m e *.,-_.__.‘a_.___..j.__.%.,...,..,.-A,“...‘ .

i
e © (wap) ol A @ o @ o ¢ o @
&

o @ o & o © O ©| Afesng) o ¥

A.%ii@ /\ui'gp/,e © (A+2,u)coi¢,féf’ — M © o 2 o

o @ o I o © o

X

N
K

o
S

A e e 2 -
B = e S

Ao oo A/ o ?) ? (3 2 W o Bt ©

c o © o

Ql ¥ VU o
&
a0+

ToKorDAL CooORDINATES

A+2u @ y © EC) o ®
o ®© o © (&)

st et e b am e i e an el e e ot v m vt ha = e

r(a.+r‘w;¢)l a#rw{

O
o © c © o Y 21 N "“/(a.+rm.'.<p‘f'#a
Alar2r s ..__N& )m?cb_A_*@_gzﬂ“%f . . 5
r Lot ¥
O

o © o © o ©

Tty Tirees | asrew | M c o
o @ o @ o o @ o © 23 @ |
o © o & o €| & A & o




